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(54) Automatic air wash for anesthesia system 

(57) An anesthesia system is disclosed that pro- 
longs the lifetime of an oxygen fuel cell be used to detect 
the concentration of oxygen in that anesthesia system. 
The system determines and provides a signal indicating 
the end of any particular operation using the anesthesia 
system and that signal is used to cut off all gas supplies 
with the exception of the fresh air supply which is then 
allowed to pass through the system to wash the various 



lines, including the conduit having the oxygen gas fuel 
cell thus preventing the typically high concentrations of 
oxygen used in a operation from remaining in the oxy- 
gen fuel cell for an unnecessary period of time. Further- 
more, the gases in the anesthesia machine are elimi- 
nated along with their deleterious effects and replaced 
by fresh air from the normal supply of fresh air to the 
system. 
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Description 

The present invention relates to anesthesia sys- 
tems used to provide an anesthetic agent to a patient 
undergoing an operation. 

In general, anesthesia systems are utilized in oper- 
ating rooms and comprise various equipment necessary 
to anesthetize the patient and maintain the patient in that 
state until the operation is completed and it is possible 
to terminate the Introduction of the anesthetic agent. 

Such systems comprise various pressure regula- 
tors, flow control devices, gas mixing devices and va- 
porizers to vaporize a volatile liquid anesthetic and to 
introduce the anesthetic laden gases into the patient. 
The patient is connected to the system by means of a 
face mask or other device and which interfaces with the 
anesthesia system via a patient circuit that may typically 
have an inspiratory limb through which the gases are 
introduced into the patient and an expiratory limb that 
conveys the exhaled gases from the patient. 

In a typical anesthesia system, the overall flow of 
gases to and from the patient are generally of a high 
oxygen concentration and upon the termination of the 
medical procedure, those gases remain in the anesthe- 
sia system for a period of time. 

One of the difficulties of allowing such gases to re- 
main in the anesthesia system is that such systems typ- 
ically employ oxygen fuel cells to sense the oxygen in 
the system and the continued presence of a high oxygen 
atmosphere will reduce the lite of the cell. As a further 
problem, some anesthetics have an adverse reaction in 
the presence of soda lime, the substance used in med- 
ical absorbers in anesthesia systems and therefore the 
continued presence of the anesthetic agent within the 
absorber is also undesirable. 

It is an aim of the present invention to provide an 
anesthesia system which includes a means of detecting 
the termination of the use of the anesthesia machine af- 
ter a medical operation and then stopping the flow of all 
gases through the system and purging the system with 
the fresh air from a supply of air. 

According to a first aspect of the present invention, 
an anesthesia system for providing anesthesia to a pat- 
ent comprises; 

a patient circuit adapted to be connected to the pa- 
tient, said patient circuit introducing gases into the 
patient and for receiving gases exhaled by the pa- 
tient, 

means to introduce a plurality of gases, including at 
least fresh air and oxygen, at a controllable flow into 
the patient circuit, 

an oxygen fuel cell in said patient circuit monitoring 
the concentration of oxygen in the patient circuit and 
generating a signal indicative of the oxygen concen- 
tration, 
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means to generate a signal indicating the termina- 
tion of the use of the anesthesia system on the pa- 
tient; and 

5 means responsive to said signal to provide a flow 
of only said fresh air to wash said oxygen fuel cell. 

The means of determining the end of the medical 
operation maybe by a number of signals. Included in 

10 such determination can be by the user turning the ma- 
chine to standby following an operation, by the user de- 
claring the end of an anesthetic case by an input means, 
detecting a signal when the patient is disconnected from 
the machine or a further variety ol signals that let the 

is machine central processing unit know that the operation 
has ended and the anesthesia machine is finished its 
use for that particular patient. 

Upon recognition of that signal indicating the oper- 
ation has terminated, the central processing unit (CPU) 

20 controlling the introduction and mixing of the various 
gases signals the gas valves to turn off the supplies to 
all of the gases and anesthetic agent with the exception 
of air. The air is then allowed to flow through the system 
at a predetermined flow rate to wash the anesthesia ma- 

25 chine of the gases remaining in the various conduits and 
components, including purging the oxygen rich gas from 
the conduit where the oxygen cell is located, 

The CPU may include a timing means that will then 
terminate the air flow when sufficient time has elapsed 

30 to assure that al! of the affected passages contain only 
air or, alternatively, the normal oxygen sensor can be 
used as an input to the CPU and the flow of air discon- 
tinued when the oxygen concentration is reduced to 
about 21 percent, thereby indicating that air is present 

55 in the conduits of the anesthesia system. Alternatively, 
the flow of air can be terminated when the concentration 
of anesthetic agent in the patient circuit is reduced to 
less than 0.2% by volume. In either instance, the clini- 
cian is assured that the relative passages of the an- 

40 esthesia system have been sufficiently washed so as to 
protect the 0 2 sensor and to prevent the other afore- 
mentioned difficulties. 

According to a further aspect of the present inven- 
tion, a method of providing air wash of an anesthesia 

4$ system comprises; 

(a) providing a patient circuit for connection to a pa- 
tient to introduce gases into the patient and to re- 
ceive gases from the patient; 

so 

(b) providing a flow of a plurality of gases to the pa- 
tient circuit, including at least oxygen and fresh air; 

(c) providing an oxygen fuel cell in said patient cir- 
55 cuit to monitor the concentration of oxygen in the 

patient circuit and to generate a signal indicative of 
that oxygen concentration; 
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(d) generating a signal indicative of the termination 
of the operation on a patient, 

(e) increasing the flow of air into the patent circuit 
in response to the signal generated in step (d) while 
terminating the flow of oxygen and any other of said 
plurality of gases to wash the patient circuit includ- 
ing said oxygen fuel cell with only fresh air. 

An embodiment of the invention will now be de- 
scribed, by way of example, reference being made to 
the Figure of the accompanying diagrammatic drawing 
which is a block diagram of the components of an an- 
esthesia system used to carry out the present invention 
Referring now to the Figure, there is shown a block 
diagram of an anesthesia system adapted to carry out 
the subject invention. As shown, a ventilator 10 is pro- 
vided and which may be of the type shown and de- 
scribed in U.S. Patent 5,315,989 assigned to the 
present applicant and the disclosure of which is incor- 
porated herein by reference. That ventilator 10 of the 
aforementioned U.S. Patent has an inhalation cycle and 
an exhalation cycle controlled by a CPU. 

The ventilator 10 provides gas to the patient during 
the inhalation cycle via a conduit 12 to the patient 
breathing circuit 14 where it is delivered to the patient 
1 6, The ventilator 1 0typically includes a bellows assem- 
bly 18 and air or other powering gas is supplied to the 
bellows assembly 18 exterior of the bellows 20 and 
which then collapses the bellows 20 to force gases with- 
in the bellows 20 to the patient 1 6. As shown in the Fig- 
ure, a circle type of patient breathing circuit 1 4 is shown, 
however, it will be understood that various other circuit 
configurations can be used with the present invention 
including an open circuit or a Mapleson type circuit. 

As also noted in the aforementioned U.S. Patent, 
the patient breathing circuit 14 itself conventionally in- 
cludes an inspiratory limb 22 and an expiratory limb 24 
and the patient is connected to a wye connection 26 lo- 
cated intermediate the inspiratory and the expiratory 
limbs 22,24. The means of connection may be an en- 
dotracheal tube, face mask or other interlace between 
the patient 16 and the patient breathing circuit 14. 

In conventional operation, gas is delivered to the 
patient 16 by means of a powering gas that collapses 
the bellows 20 to drive the gas into conduit 1 2 and then 
into a tee 28 where the gas enters a conduit 30 and 
passes through an absorber 32. After passing through 
the absorber 32, the gas enters the inspiratory limb 22 
of the patient breathing circuit 14 to be administered to 
the patient 16. As the patient exhales, that exhalation, 
now laden with C0 2 , passes through the expiratory limb 
24 where it again passes through the tee 28 and con- 
tinues to the absorber 32 where the C0 2 is eliminated 
by a 0O 2 absorbing material, such as sodalime. Remov- 
al of the C0 2 by the soda lime releases water into the 
absorber 32. 

A pair of check valves 34 and 36 are positioned in 



the patient breathing circuit 14 in the expiratory and in- 
spiratory limbs 24 and 22, respectively, to maintain the 
flow of gas in the proper direction around the circle pa- 
tient breathing circuit 14. 

5 A flow of fresh gas is also introduced into the patient 
breathing circuit 14 and, as shown, is added at a tee 38 
and thus into the inspiratory limb 22 of the patient 
breathing circuit 14. That flow of fresh gas is provided 
from a source of gas, typically oxygen and air, and may 

10 include nitrous oxide to aid in anesthetizing the patient. 
As shown in the Figure, there is a supply of oxygen 40, 
nitrous oxide 42 and air 44 and such supply may be 
through a central piping system of a hospital or may be 
through the use of individual cylinders of such gases. 

is in any event, the gases are mixed in a gas mixer 46 
in the proportion desired by the user. The actual control 
of the proportions and th e flow th rough the gas mixer 46 
is, 

in the preferred embodiment, controlled by a central 
20 processing unit (CPU) 48. The mixed gases from the 
gas mixer 46 then pass through an agent vaporizer 50 
where liquid anesthetic agent is vaporized and added to 
the stream of gas such that anesthetic laden gas con- 
tinues into a conduit 52 and enters the patient breathing 

2& circuit 1 4 at the tee 38. 

Again, in the preferred embodiment, the control of 
the agent vaporizer 50 is by means of the CPU 48 and 
which determines the percentage concentration of an- 
esthetic agent that is in the gas that enters the patient 

30 breathing circuit 1 4 and thus that is supplied to the pa- 
tient to induce and maintain anesthesia. 

The CPU 48 is, in turn, controlled by an input device 
54 provided so that the clinician can input the data need- 
ed to determine the various parameters to provide the 

35 flow and anesthetic concentration desired to anesthe- 
tize the patient. 

In the overall flow scheme of the present conven- 
tional system, the gas is forced by the ventilator 10 into 
conduit 12 in accordance with the arrow A during the 

40 inhalation cycle of the patient 1 6. That air thus passes 
through the tee 28 and through absorber 32 where it fur- 
ther passes through tee 38 and into the inspiratory limb 
22 of the patient breathing circuit 1 4. At that tee 38, fresh 
gas containing a predetermined concentration of an an- 

45 esthetic agent is joined with the gases from the ventilator 
and proceeds with the gases already circulating in pa- 
tient breathing circuit 1 4 and administered to the patient 
16. 

When the patient exhales, the exhaled gases pass 
50 through the expiratory limb 24 of the patient breathing 
circuit 14 through tee 28 and continue through the cir- 
cuit, passing though the absorber 32 where the gases 
are scrubbed to eliminate the C0 2 that is exhaled by the 
patient 16. 

5$ As can be seen, therefore, the anesthesia system 
is basically a circle system where the gases continue to 
pass in a circle as shown by the arrows B with the ad- 
dition of fresh gas and the anesthetic agent added to 
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those gases in the direction of Arrow C as the gases 
pass around the circle portion of the circle system. 

As a further component of the overall anesthesia 
system a gas monitor 56 is provided to detect the gases 
in the patient wye connection 26 and thus determine the 
actual gases that are introduced into the patient 16. 
Such gas analyzers conventionally detect nitrous oxide, 
carbon dioxide and the anesthetic agent being used in 
the particular system. 

Also, an oxygen fuel cell 58 is conventionally pro- 
vided in the anesthesia system and which specifically 
detects and monitors the oxygen concentration in the 
inspiratory limb 22 of the patient breathing circuit 14. 
Due to the nature of such fuel cells, a voltage is gener- 
ated in accordance with the amount of oxygen in the 
passageway and thus, for so long as that oxygen is 
present, the fuel cell 58 continues to operate and to pro- 
vide a signal. 

in carrying out the anesthesia of a patient, typically, 
the oxygen concentration of the gases provided to the 
patient is of a high oxygen concentration, generally 
about 30% and thus the fuel cell will put out a signal 
representative of that high value and its lifetime short- 
ened by the amount of time that signal is being gener- 
ated. At the final stages of the anesthesia case, typically, 
100% oxygen is washed into the patient to build up a 
reserve of oxygen in preparation for extubation and to 
wash the inhaled anesthetic agent out of the patient for 
emergence from anesthesia. 

Frequently, after the use of the anesthesia system 
has been terminated, that is the particular operation is 
over and the patient disconnected, the inspiratory limb 
22, as well as the other of the various gas containing 
conduits in the anesthesia system are still filled with a 
gas having an oxygen concentration of almost 100 per- 
cent. In addition, moisture from the expired gases and 
the product of the C0 2 absorption leaves the breathing 
circuit with high humidity. 

In the case of a relatively high oxygen concentra- 
tion, obviously, the continued period of time that the fuel 
cell 58 is exposed to the gases shortens the life time of 
the fuel cell 58. Since the replacement of the fuel cell 
58, while not complicated, is an annoyance and the fuel 
cells themselves an unwanted expense, any action to 
prolong the life of the fuel ceil 58 is advantageous. 

In addition, the high humidity has a deleterious ef- 
fect in that it is a good atmosphere for the growth of mi- 
crobes in the system, again, a potentially harmful effect. 
Further, the continued presence of an anesthetic agent 
in the absorber 32 can cause problems with the break- 
down of the anesthetic agent via some reaction with the 
absorbent material used in the absorber 32. 

Accordingly, in accordance with the present inven- 
tion, a signal source 60 is provided to the system that 
informs the CPU 48 that the particular operation has 
been terminated and that the anesthesia system is no 
longer being used in carrying out the anesthesia of a 
patient. The signal source may be from a variety of sen- 



sors, that is, the signal may be from the shut off switch 
or standby switch on the anesthesia machine and which 
indicates the termination of use of the anesthesia sys- 
tem. Alternatively, the signal source may be sent via the 

s input device 54 when the user declares the end of an 
anesthesia case. 

In any event, a signal is provided to the CPU 48 in- 
dicating the termination of an operation and that the an- 
esthesia system is not being used further. The CPU thus 

10 sends a signal to the gas mixer 46 and instructs the gas 
mixer 46 to turn off the oxygen supply 40 and the nitrous 
supply 42, if either of those supplies are still on, and 
opens the flow of air from the air supply 44 to wash the 
system, and, in particular, the inspiratory limb 22 where 

is the oxygen fuel cell 58 is present. By the flow of air, the 
various conduits are washed of the high humidity, high 
oxygen concentration gases and the overall system is 
filled with air. 

The flow of air can continue until it is assured that 

20 the various anesthesia gases are fully washed from the 
system and all of the conduits. That flow may be termi- 
nated by a timer that is established at a predetermined 
time to assure the flow is sufficient or, alternatively, the 
gas monitor 56 can be utilized to continue to monitor the 

25 constituents of the gases within the inspiratory limb 22 
and terminate the air wash when the concentration of 
oxygen falls below a predetermined concentration, for 
example, less that 21 % indicating that the oxygen level 
is reaching the normal level of oxygen in air. As a further 

30 alternative, the gas monitor 56 may monitor the concen- 
tration of anesthetic agent and discontinue the air wash 
when the agent concentration in the patient wye con- 
nection 26 has been reduced to a predetermined 
amount, for example less than 0.2 % by volume. 

35 In any instance, the CPU 48 determines that the ap- 
propriate conduits of the anesthesia system have been 
sufficiently washd of the gases used during anesthesia 
and replaced with air, thus promoting the lifetime of the 
oxygen fuel cell as well as preventing the other delete- 

40 rious effect those gases have on the anesthesia system. 



Claims 

*s 1 . An anesthesia system for providing anesthesia to a 
patient, comprising; 



a patient circuit 1 4 adapted to be connected to 
the patient 16, said patient circuit 14 introduc- 
ing gases into the patient and for receiving gas- 
es exhaled by the patient, 



so 



ss 



means to introduce a plurality of gases, includ- 
ing at least fresh air and oxygen, at a control- 
lable flow into the patient circuit 14, 

an oxygen fuel cell 58 in said patient circuit 14 
monitoring the concentration of oxygen in the 
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patient circuit 14 and generating a signal indic- 
ative of the oxygen concentration, 

means 60 to generate a signal indicating the 
termination of the use of the anesthesia system s 
on the patient; and 

means 48 responsive to said signal to provide 
a flow of only said fresh air to wash said oxygen 
fuel cell 58. 10 

2. An anesthesia system as claimed in Claim 1 where- 
in said means 48 responsive to said signal to pro- 
vide a flow of said fresh air includes a timing means 
and wherein said timing means terminates the flow 1$ 
of said fresh air upon the passage of a predeter- 
mined time period. 

3. An anesthesia system as claimed in Claim 1 where- 
in said means 48 responsive to said signal to pro- 20 
vide a flow of said fresh air terminates said flow 
when the oxygen concentration detected by said 
oxygen fuel cell 58 is reduced to a predetermined 
concentration. 

25 

4. An anesthesia system as claimed in Claim 1 , where- 
in the means responsive to said signal to provide a 
flow of only fresh air is a control means 48 for con- 
trolling the flow of each of said gases into the patient 
circuit 1 4, the control means 48 when receiving the so 
signal from the means 60 being arranged to in- 
crease the flow of air to the patient circuit 1 4, whilst 
terminating the flow of the remaining gases to said 
patient circuit 14. 

35 

5. An anesthesia system as claimed in Claim 4 where- 
in said control means to control said flow of each of 
said gases comprises a central processing unit 48. 

6. An anesthesia system as claimed in any one of *o 
Claims 1 to 5, wherein said means 60 to generate 

a signal indicating the termination of the use of the 
anesthesia system on a patient comprises an input 
device operable by the user. 

7. An anesthesia system as claimed in Claim 5 or 6 
including an anesthetic agent sensor 56 in said pa- 
tient circuit 14 for detecting the concentration of an- 
esthetic agent in said patient circuit 14 said sensor 
56 providing a signal to said central processing unit 
48 to terminate the flow of air when said anesthetic 
agent sensor 56 detects the reduction of the con- 
centration of anesthetic agent in said patient circuit 
14 to a predetermined concentration. 

55 

8. A method of providing air wash of an anesthesia 
system comprising; 



(a) providing a patient circuit for connection to 
a patient to introduce gases into the patient and 
to receive gases from the patient; 

(b) providing a flow of a plurality of gases to the 
patient circuit, including at least oxygen and 
fresh air; 

(c) providing an oxygen fuel cell in said patient 
circuit to monitor the concentration of oxygen 
in the patient circuit and to generate a signal 
indicative of that oxygen concentration; 

(d) generating a signal indicative of the termi- 
nation of the operation on a patient, 

(e) increasing the flow of air into the patent cir- 
cuit in response to the signal generated in step 
(d) while terminating the flow of oxygen and any 
other of said plurality of gases to wash the pa- 
tient circuit including said oxygen fuel cell with 
only fresh air. 

A method of providing air wash of an anesthesia 
system as claimed in Claim 8 further including the 
step of: 

(f ) terminating the increased flow of air of step 
(e) after a predetermined period of time. 

i. A method of providing air wash of an anesthesia 
system as claimed in Claim 8 further including the 
step of; 

(f) terminating the increased flow of air of step 
(e) upon the said sensing of step (c) determining 
that the oxygen concentration is reduced to a pre- 
determined concentration. 
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